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Why ultrafast x-rays ? Ue<D

Directly observe ultrafast atomic motion

1 A or ~10 keV
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Laser-driven Electrons for Fast X-rays

solid target

................................................... high intensity focus

=10 W/cm?
< il
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multi-10’s-keV
electrons

J.D. Kmetec, et al., Phys. Rev. Lett. 68, 1527 (1990).
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Laser-driven Electrons for Fast X-rays Ue<D

_ 4 x-ray pulse duration:
solid target _
A’[electron and stopplng

time
d ~ 200 fs at ENSTA

O Source size ~ laser spot

d 10°photons / shot

Bremsstrahlung and K, radiation
J.D. Kmetec, et al., Phys. Rev. Lett. 68, 1527 (1990).
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Ultrafast X-ray Diffraction
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Bulk GaAs
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Ultrafast X-ray Diffraction:GaAs
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Coherent Acoustic Phonons Ue<D
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Fast heating at Surface expansion Newton’s 39 Law

constant Volume

C. Thomsen et al. Phys Rev. B 34, 4129 (1986).



Gallium Arsenide
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Ch. Rose-Petruck et al. Nature 398, 310 (1999).



Heating depths
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Heating depths
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UucsD

Two-temperature model

\/Two photon absorption

\/High density carrier diffusion

\/Auger recombination coefficients
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Dependence on pulse duration
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Dependence on pulse duration
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A. Cavalleri et al., submitted



Probing Hetero-structures UCSD
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Centroid positions (400 nm film) =
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Carrier dynamics (400 nm)
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Coherent Acoustic Phonons: Films Ue<n




Fluence Dependent Damping
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Fluence Dependent Damping
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With damping
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A. Cavalleri et al., Phys. Rev. Lett. 85, 586 (2000)



Ultrafast Melting Dynamics UeSD

Carrier Excitation

Solid

J.A. van Vechten et al., Phys. Lett. A 74A, 422 (1979).

P.L. Silvestrelli et al., Phys. Rev. Lett. 77, 3149 (1996).
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Ultrafast Melting Dynamics

Potential Energy Surface

1022 excited carriers/cms3
25% valence electrons

In the conduction band _

P. Stampfli et al., Phys. Rev. B 49, 7299 (1994).
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Ultrafast Melting Dynamics

Carrier Excitation ‘

Thermal Melting
Solid

Lattice heating

Melting at the surface

Interface propagation




Ultrafast Melting in 160 nm Ge Uf;\'z
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Ultrafast Melting: Integrated K,

Reflectivity
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Ultrafast Melting
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Ultrafast Melting

160 nm

Interface velocity
V<700m/sec

Ge (111) Si(111)



Ultrafast Melting
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Ultrafast Melting: Integrated K,
Reflectivity
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C.W. Siders, et al., Science 286, 1340, (1999).



X-ray Focusing

A

Elliptical surfaces

with graded Bragg coating

X-ray source




Structural Transition

T <340 K
Monoclinic T>340K
Insulator Rutile

Metallic
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Ultrafast Optical Data: Insulator to Metal
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Ultrafast X-ray diffraction: bulk VO, (110) =,
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Time response

X-rays = 3000 nm
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Time response
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Long time response
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Compression of the Insulating phase
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Compression of the insulating phase
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Compression of the insulating phase
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Summary and conclusion
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Conclusions
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